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Summary
Objective: The aims of the present study were: (1) to evaluate the extent and mode of inheritance of hand osteoarthritis by using a large
sample of ethnically homogeneous pedigrees of Caucasian origin; (2) to examine whether the synthetic measure of osteoarthritis according
to Kellgren and Lawrence (K–L) and the more specific measure, namely, the extent of osteophytes development, have a similar putative
genetic determination and pattern of biological inheritance and (3) to test the hypothesis that hand osteoarthritis dependent phenotypes are
linked to the 11q 12-13 chromosomal region.
Methods: The population of the present study comprised 1190 Chuvashians (Russian Federation) belonging to 295 nuclear families.
Segregation analysis was carried out on a total sample. Sub-sample of 571 individuals was used to conduct Transmission/disequilibrium test
(TDT) and model-based linkage analysis.
Results: Adjusted for age, sex and other covariates, both OA phenotypes showed significant familial aggregation. The model fitting analysis
strongly supported the hypothesis of a major gene effect on study traits. The inferred major gene explained about 52% of the osteophyte
score (OPS) and 49% of the K–L score variation adjusted for confounding variables. The series of model-based linkage analyses and TDTs
provided inconclusive evidence on possible linkage of both phenotypes to the 11q 12-13 chromosomal region.
Conclusions: We support the hypothesis of a major gene effect in heritability of hand osteoarthritis in both phenotypes. Despite the fact that
some DNA markers showed statistically significant association to studied primary phenotypes, we find only weak evidence of linkage
disequilibrium between hand osteoarthritis and the proximal part of the 11q 12-13 chromosomal segment (D11S1983 for K–L score and
D11S1313 for OPS). The subject, however, a merit requires further investigation.
© 2003 OsteoArthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Introduction
Age dependent degenerative joint changes, so-called idio-
pathic osteoarthritis (OA) in humans are a consequence of
complex interaction between genetic and environmental
factors throughout life. Studying the genetic predisposition
to a complex disease such as OA requires phenotype
identification and insofar as its diagnosis, radiological
changes are deemed superior to clinical manifestations1.
Several radiographic procedures are widely used to assess
joint status, and these uncover a number of traits that
characterize different aspects and sites of OA. Recent
studies have demonstrated a clear genetic effect on the
interindividual variation of age adjusted radiographic OA of
the hands, knees2–6, hip joints3 and the so-called ‘primary
generalized OA’7. The estimated contribution of genetic
factors to this variation ranged from 27%3 to 65%2, de-
pending on the type of relatives used in the study and the
selected skeletal area. Felson et al.5 performed a complex
segregation analysis to ascertain the pattern of inheritance
of generalized OA and suggested the involvement of a
major gene in its transmission. Several studies have
attempted to identify the possible chromosomal location of
the gene(s) related to OA8–11, and although mostly incon-
sistent results were obtained, at least one chromosomal
region, namely 11q 12-13, was indicated in several publi-
cations as a potential carrier of the gene(s) responsible for
OA8, multiple exostoses12, and abnormal and normal bone
density phenotypes13–16.
The aim of the present study was threefold: (1) to
evaluate the extent and mode of inheritance of hand OA by
using a large sample of ethnically homogeneous pedigrees
of Caucasian origin, (2) to examine whether the synthetic
measure of OA according to Kellgren and Lawrence (K–L)
and the more specific and partial measure, namely, the
extent of osteophyte development, have a similar putative
genetic determination and pattern of biological inheritance
and (3) to test the hypothesis that hand OA dependent
phenotypes are linked to the 11q 12-13 chromosomal
region.
Methods
The present research involved radiographic assess-
ment of hand bones, blood samples, anthropological
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measurements and interviewing of subjects. Exposure of
the distal segment of the upper limb (hand bones) to
extremely small dosage of X-ray radiation is practically
harmless for the participant. All the examinations, measure-
ments and interviews were carried out on participants of the
study only with their consent. The participants signed
informed-consent documents before entering the respec-
tive project, and these were approved by the Helsinki
Ethics Committee of Tel Aviv University.
SAMPLE
The subjects of the present study are Chuvasha who live
in many small villages in the Chuvasha and Bash Kortostan
Autonomies of the Russian Federation. The population
of Chuvasha is characterized by demographically stable
familial structures with long-standing ‘traditional’ relations
between family members. They have lived at least for the
last several generations under the same environmental
conditions and have hardly been exposed to outside influ-
ences, such as genetic flow17. Most of the families share
similar socio-economic conditions, with agriculture as their
principal source of livelihood. The data were gathered from
1190 family members belonging to 295 nuclear families.
The study cohort included 629 males aged 18–89 years
(mean 46.3) and 561 females aged 18–90 years (mean
48.2). Some of the nuclear families could be combined into
three-generation complex pedigrees, a step that was of
importance for a genetic analysis. In total, the data encom-
passed 255 marital couples, 1050 parent/offspring pairs,
360 sibships and 364 pairs of second-degree relatives. All
studied families were recruited randomly, i.e., regardless of
the readings of any of the measured variables.
For the TDT used in the present study, a total of 163
nuclear families with one to four offsprings (average, two
sibs) were available.
The collected information included sex, age, anthropo-
metrical measurements (weight, stature etc.) and occu-
pation as well as nature and extent of physical activity. Data
on chronic morbidity and medical treatment were also
included in the questionnaire and compiled for this study.
Individuals with known bone disease, hormone replace-
ment therapy, steroid medicine intake, amenorrhea, or
post-traumatic, rheumatoid or psoriatic arthritis were
excluded from the study.
RADIOGRAPHY AND TRAITS CONSTRUCTION
Plain radiographs of both hands were taken from each
study participant in the postero-anterior position with the
X-ray source located 60 cm above and using a standard
roentgenographic technique, as described in detail by
Pavlovsky and Kobyliansky18. Hands were placed on the
same film-containing plate to avoid any film or development
variation. They were exposed for 5–10 s at 100–150 mA
without intensifying screens at 50 kV.
The OA development extent was evaluated for 14 joints
of each hand separately, i.e., five distal interphalangeal
(DIP), four proximal interphalangeal (PIP) and five meta-
carpophalangeal (MP) according to the grading system of
Kellgren and Lawrence19. The OA evaluation was based on
radiographic changes, such as presence of osteophytes,
joint space narrowing, subchondral sclerosis, lateral de-
formity or cortical collapse. Development of OA at each
joint was graded between 0 and 4. Since the OA scores for
individual joints are intercorrelated, the total individual OA
score was obtained from Principal Component Analysis of
grade sums for DIP, PIP and MP for each hand. First
principal component (PC1OA) was then used in further
analyses as a characteristic of hand OA20.
OA scoring according to K–L takes into account different
changes around the joint, some of which (i.e., lateral
deformity and cortical collapse) occur very rarely. Hence an
additional trait also reflecting development of OA was
included by us, namely, the osteophytes score (OPS),
which is the most variable single index of joint changes.
Evaluation was according to a five-graded scale (0, no
osteophytes; 4, severe osteophytosis). The total individual
OPS was obtained from PCA of grade sums for DIP, PIP
and MP for each hand. First principal component
(PC1OPS) was then used in further analyses, as were
other characteristics of hand OA.
To assess the reproducibility of both OA dependent traits,
the evaluations of each trait were performed twice on 50
randomly chosen radiograms by the same investigator 10
days apart. Kappa statistic was calculated to ascertain the
extent of intra-observer agreement. The results showed
high intra-observer reproducibility for K–L score (k0.87;
P<0.01) and also for OPS (k0.81; P<0.01). Our estimates
were in agreement to those in other studies on a similar
subject21.
MICROSATELLITE GENOTYPING
Seven microsatellite markers with an average spacing of
2 cM on the chromosomal area 11q 12-13 were selected
from the MDC-Genethon microsatellite maps. DNA was
isolated from peripheral blood leukocytes and used in
polymerase chain reaction (PCR). Genotyping was per-
formed via an Applied Biosystems automated DNA
sequencing apparatus (Perkin–Elmer Corp. Norwalt, CT),
examining the Mendelian inheritance at each marker for
each studied pedigree. The procedure was carried out in
the Laboratory of DNA analysis, at the Hebrew University of
Jerusalem. For a detailed description see Livshits et al.16.
The original location of the examined DNA markers
(D11S1313, D11S1765, D11S987, D11S913, D11S1983,
D11S1314 and D11S916) in the 11q 12-13 region was
ascertained from the Genethon microsatellite maps. To
determine the relative chromosomal location of the above
markers, a model-based linkage analysis, involving
statistical package MAN-522 was carried out. The relative
positions of all studied markers were in good agreement
with the putative data (Fig. 1). All selected markers were
highly polymorphic, with average heterozygosity in the
parental moiety ranging between 67.6% (D11S913) and
86.5% (D11S987).
STATISTICAL AND GENETIC ANALYSIS
The total individual OA score was used in our statistical
genetic analysis. It was derived by means of principal
component analysis of both hands for rows of the DIP, PIP
and MP joints. Principal component analysis for rows of
hand joints (OPS) was performed in the same manner as
for OA scores. The first principal components derived from
these analyses (PC1OA and PC1OPS) were then used in
further analyses. To adjust for the potential confounding
variables, multiple regression analyses were conducted for
each sex separately, with PC1OA and PC1OPS as depen-
dent variables, and age, age2, body height and weight as
independent ones. Standardized residuals received were
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used for computing the familial correlations and in segre-
gation and linkage analyses. Statistical analysis was per-
formed using the STATISTICA 5.5 package for Windows23.
Segregation analysis relying on the MAN-5 statistical
package22 was undertaken in this study to test a major
gene model of inheritance of both OA dependent pheno-
types. The mixed model of inheritance24–28 has estimated
effects of a potential major gene and possible multifactorial
effects (residual familial correlations), and is described in
detail in numerous publications, including the afore-
mentioned. The parameters that had been estimated in the
general model are defined in Appendix A. A maximum
likelihood ratio test was used as a model fitting technique
for comparing the general model and a more limited model,
i.e., a model containing one or more parameters con-
strained to the expected value. A best fitting and most
parsimonious model was established after dropping all
non-significant parameters from the general model. The
order of the models testing was the same as that used in
our recent publications29,30.
TDT and model-based linkage analyses were performed
to detect possible linkage between the studied traits and
the selected DNA markers. We used three of the TDT-type
tests (the Student statistic [t], the χ2-statistic and the
F-statistic) where both parents were available. For the
analysis of quantitative traits, Allison31 proposed each of
the TDT’s for a random and extreme-threshold sampling.
We tested both types of sampling, with Malkin et al.’s32,33
modification of the extreme-threshold design. Microsatellite
alleles were factorized to five alleles according to their
frequencies and subsequently reduced to a dichotomy by
considering each allele of each marker and in turn, again,
all others, in line with the references34,35. A detailed
description of the TDT procedure was published by Livshits
et al.16.
Model-based linkage36,37 analysis evaluated a genetic
model of joint inheritance of the trait and marker pheno-
types used explicitly to formulate the likelihood of each
sampled pedigree. The (parametric) null hypothesis H0:
θ0.5, of no linkage between the marker locus and the
gene controlling the trait was tested against the alternative,
H1: θ<0.5, where θ is the recombination fraction between
the trait and marker loci. If H0 is rejected, then the second
stage of the model-based linkage analysis, the point and
interval estimation of the recombination fraction, is to be
performed.
Prior to linkage analysis the parameter estimates of the
inheritance of each of the two studied quantitative traits
were obtained by means of segregation analysis. These
estimates and the data for each marker were then used in
computing the likelihood of the corresponding linkage
model parameters. The latter included recombination
fraction, θ, population frequencies of marker alleles, qi
and disequilibrium matrix elements, δjiDji/Extr(Dji), where
D11g11pq1 is the element of disequilibrium matrix, g11 is
the frequency of A1M1 haplotype, and Extr(Dji) is the
extreme value of Dji, at the given P (frequency of trait allele
A1) and qi (Appendix A).
Results
The basic characteristics of the study participants are
summarized in Table I for men and women separately. As
can be seen, extent of variation and average values for all
traits were within normal limits for each given trait and sex.
FAMILIAL CORRELATIONS
Table II shows basic familial correlations in our sample.
As seen, significant correlations between parents and off-
spring and between sibs clearly suggested familial aggre-
gation of the variation of both traits in the Chuvasha
pedigrees.
Fig. 1. The relative location of microsatellite markers on the 11q 12-13 chromosomal area used in our study and in the study of Chapman
et al.8. *Microsatellite markers that provided evidence for possible linkage disequilibrium in our study.
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SEGREGATION ANALYSES
The main results of this analysis (general and most
parsimonious models) for each of the two OA phenotypes
separately are presented in Table III. We examined the
sub-models assuming Hardy–Weinberg equilibrium. The
latter was strongly rejected by the likelihood ratio test
(27.37, d.f.1, P0.007) and hence the model allowed
only for non-random mating, i.e., no Hardy–Weinberg equi-
librium could be taken as a standard for comparison. It
should be mentioned that the transmission probability esti-
mates computed in all our general models (i.e., assuming
and not-assuming random mating and for both OA charac-
teristics) were very close to Mendelian-based expectations.
Indeed, comparing the respective Mendelian transmiss-
ibility models with the general models yielded good agree-
ment for both traits. In contrast, the mixed ‘environmental’
model, denying the existence of major gene effect on
offspring phenotype was statistically rejected (254.12,
d.f.2, P0) in all instances. The contribution of the
multifactorial effects (minor genes and common environ-
ments) was examined by restricting each of the residual
familial correlations to zero (e.g., ρ0, β0 and ε0). The
maximum likelihood ratio test showed that only residual
correlation between siblings remained statistically signifi-
cant (P<0.01) for both PC1OA and PC1OPS (Table III).
Marginally significant (P<0.05) residual correlation between
parents and offspring was found for PC1OA. Finally, as-
suming evidence for a major gene involvement in both OA
phenotypes transmission, we tested for the interaction of
alleles within the Mendelian model. To this end we com-
pared likelihood of the sub-models assessing dominant,
recessive or additive major gene effect. As seen in Table III,
the best fitting and most parsimonious models for both
phenotypes were Mendelian models with an additive type
of allele transmission. The inferred major gene explained
about 52% of the PC1OPS and 49% of the PC1OA score
variation adjusted for confounding variables.
LINKAGE ANALYSES
The results of the TDT and the model-based linkage
analysis are given in Table IVa and b. Positive results of
TDT at P<0.05 confidence level were observed for PC1OA
score with the following DNA markers: one trial with
D11S1313, six trials with D11S1983, five trials with
D11S1765 (these three markers are located in the proximal
Table I
Descriptive statistics of studied sample
Variable Men (N=644) Women (N=569)
Mean SD Range Mean SD Range
Age (yrs) 45.61 16.83 79.00 47.44 16.39 72.00
Weight (kg) 63.69 10.41 60.30 59.73 12.44 83.50
Height (m) 1.66 0.07 0.46 1.54 0.06 0.39
TOT28KL 24.27 12.68 72.00 26.07 12.60 93.00
TOT28OS 22.11 7.62 44.00 22.51 8.47 58.00
Mean OA joints 3.63 4.69 28.00 3.79 4.82 27.00
Affected subjects 422 374
TOT28KL, total sum of K–L values for 28 hand joints; TOT28OS,
total sum of osteophyte evaluation values for 28 hand joints; Mean
OA joints, number of joints on average affected by OA (K–L≥2);
Affected subjects, number of subjects with at least one joint
affected (K–L≥2).
Table II
Familial correlations for OA dependent phenotypes
Parent–Parent Parent–Offspring Sib–Sib
PC1OA 0.07 (NS) 0.19** 0.44**
PC1OPS 0.09 (NS) 0.25** 0.53**
N 255 1050 360
NS, P>0.05; **, P<0.01.
Table III
Segregation analysis of study traits
Variable PC1OA PC1OPS
Parameter† General MP General MP
P1 0.107 0.069±0.015 0.180 0.192±0.025
P2 0.588 0.568±0.052 0.720 0.674±0.031
µ1 −1.246 −1.417±0.069 −1.240 −1.193±0.062
µ2 −0.310 −0.333‡ 0.039 0.048‡
µ3 0.861 0.750±0.072 1.359 1.289±0.061
ς12 0.474 0.434±0.047 0.394 0.466±0.045
ς22 0.254 0.260±0.024 0.238 0.241±0.019
ς32 0.375 0.434 0.458 0.466
ϕ 0.107 [0.000] 0.563 0.644±0.064
ρ 0.073 [0.000] −0.057 [0.000]
β −0.120 −0.140±0.031 0.075 [0.000]
ε 0.198 0.183±0.024 0.215 0.235±0.005
τ1 1.000§ [1.000] 1.000§ [1.000]
τ2 0.422 [0.500] 0.460 [0.500]
τ3 0.026 [0.000] 0.035 [0.000]
LH −1473.67 −1478.19 −1446.11 −1449.31
No. EP 15 10 15 10
χ2 (d.f.) P 9.04 (5) 0.11 6.4 (5) 0.27
†The parameter is constrained to equal the parameter above it; [ ] parameter is fixed to the shown value; No. EP, number of estimated
parameters in a model.
‡Model is codominant.
§Parameter estimate achieved its limit; NS corresponds to P>0.05; MP, most parsimonious model. For all other explanations see
Appendix A.
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part of the 11q 12-13 chromosomal region) and seven trials
with D11S916, located in the distal part (Fig. 1). For OPS,
positive results were obtained in two trials with D11S1313,
one trial with D11S1765 and one trial with D11S1314.
Statistically significant (P<0.01) evidence, for TDTs was
found between PC1OA and D11S1983 in two trials and
between PC1OPS and D11S1313, again in two trials.
Model-based linkage analyses did not detect any statisti-
cally significant linkage between the studied OA character-
istics and the 11q 12-13 chromosomal region (the minimal
nominal P-value=0.058). Even so, it is perhaps worthwhile
noting that in all instances where notable deviation of the
estimated θ from the expected 0.5 value was observed,
namely, with markers D11S1313, D11S1983, D11S1765
and D11S916 in case of PC1OA score and markers
D11S1313, D11S1765 and D11S916 in case of PC1OPS,
were invariably related to markers located in the proximal
part of the studied chromosomal segment (Fig. 1).
Discussion
Our results of quantitative genetic analyses of two OA
related phenotypes consistently showed substantial in-
volvement of the putative genetic factors in the determi-
nation of interindividual differences in the extent of OA,
adjusted for age and were in a good agreement with
previously published data on this subject2–6. The previous
studies invariably showed strong contribution of the puta-
tive genes in determination of OA changes regardless of
the specific joints. For example, Hirsh et al.4 found highly
significant sib–sib correlations for hand OA and poly-
articular OA (r0.33–0.81). Felson et al.5, using the
Framingham study sample, performed complex segre-
gation analysis of generalized OA in 337 nuclear pedigrees,
and the magnitude and pattern of the familial correlations
evinced in that study were remarkably similar to our own
results (Table II). Thus, the analysis performed by Felson’s
team revealed that a mixed Mendelian model is the best
fitting one to describe the pattern of generalized OA inherit-
ance, with about 25.4% of the variance computed by the
most parsimonious model being attributed to major gene
effect. Spector et al.38 have, however, criticized the latter
study for lumping the different joints (knee and fingers) into
one common phenotype.
Our study avoids this possible pitfall of joints hetero-
geneity by using only hand joints, and also by considering
them in two disparate aspects, PC1OA and PC1OPS.
Moreover, by virtue of principal component analysis we
examined only a variation common for different hand joints
included in analysis. The obtained results for both our OA
characteristics were similar, suggesting significant familial
aggregation, which could best be explained by a mixed
Mendelian model. In our study, the contribution of the
putative major gene on the age and sex adjusted OA
phenotype variation ranged between 49 and 52%. Our data
thus support the findings of Felson et al.5 which unequivo-
cally indicate a single major gene transmission for OA
related phenotypes in a population-based sample of
pedigrees.
In the present study, we also attempted to ascertain
whether the gene for OA might be located in the 11q 12-13
chromosomal area. Indeed Chapman et al.8 have sug-
gested the location of a female-specific susceptibility gene
for idiopathic OA in this area (Fig. 1). Significant association
between this chromosomal region and multiple exostoses
has been reported by another group12. Moreover, it has
been conjectured that genes associated with bone mass
can also be candidates for OA development8. The same
chromosomal area has also been implicated in several
studies as possibly involved in BMD determination13–16.
In our study we used two procedures to confirm our
working hypothesis, namely, TDT and a model-based link-
age analysis. The nominal P-values obtained from TDT
suggest that the working hypothesis of a linkage between
microsatellite markers in the 11q 12-13 chromosomal seg-
ment and hand OA may not be rejected. There was
statistically significant evidence for possible linkage dis-
equilibrium in the proximal part of the studied chromosomal
segment (D11S1983 for PC1OA and D11S1313 for
PC1OPS, see Fig. 1). Admittedly our findings in this regard
are still not conclusive (Table IVb), inasmuch as the ob-
tained P-values need to be corrected for multiple testing39.
When we corrected for multiple testing, our significance
level decreased very substantially, so that P-values be-
came bigger than 5% in all instances. However, the requi-
site for multiple tests correction in this context may be
insurmountable, so that from the biological standpoint
such a close linkage may not be possible to establish on
samples of a reasonable size. This problem has been
previously recognized, e.g., by Rao40, who concluded that
“after all, the exact significance or value of a hypothesis
test is contained fully in the P value” (reference 40, p. 9). It
has been recommended41 to provide nominal significance
levels, with explanations on how they are obtained. In our
study, linkage analysis revealed no significant evidence
that relevant QTL may be located in the 11q 12-13 area.
Table IV
Linkage analyses of study traits
Marker 1313 1983 1765 987 913 1314 916
(a) Results of model-based linkage analyses
PC1OA 0.5-θ 0.22 0.28 0.22 0 0 0 0
χ2 0.66 1.42 0.82 0 0 0 0
P-value 0.416 0.233 0.365 1 1 1 1
0.5-θ (dis) 0.21 0.31 0 0.1 0 0 0.17
χ2 (dis) 0.82 3.6 0 0.42 0 0 0.36
P-value
(dis)
0.365 0.058 1 0.517 1 1 0.549
PC1OPS 0.5-θ 0.04 0 0 0 0 0 0.1
χ2 0 0 0 0 0 0 0.08
P-value 1 1 1 1 1 1 0.777
0.5-θ (dis) 0.17 0 0.2 0 0 0 0.15
χ2 (dis) 2.28 0 1.4 0 0 0 0.74
P-value
(dis)
0.131 1 0.237 1 1 1 0.389
(b) Results of transmission/disequilibrium tests
PC1OA N TDT
0.05
1 6 5 0 0 0 7
N TDT
0.01
0 2 0 0 0 0 0
PC1OPS N TDT
0.05
2 0 1 0 0 1 0
N TDT
0.01
2 0 0 0 0 0 0
0.5-θ, difference between the expected theta (θ0.5) and esti-
mated in the test, θ value. dis, model-based linkage analysis that
takes into account the possibility of disequilibrium. N TDT 0.05,
number of positive tests at level of P<0.05; N TDT 0.01, number of
positive tests at level of P<0.01. Each marker has been tested by
three TDT-tests (Allison’s31 tests: Q2, Q3, Q5) for five factorization
variances. Total number of TDT-tests was 15.
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Yet, careful perusal of the parameter, θ (recombination
fracture) deviations from the expected 0.5 showed that
they, as well, occurred mostly in the proximal part of the
studied segment (microsatellite markers: D11S1313,
D11S1983, D11S1765), with only D11S916 in the distal
part. In the study by Chapman et al.8, who performed
genome-wide linkage analysis of hip and knee OA, evi-
dence of significant linkage was found only for chromo-
some 11. In that study (see also Fig. 1) significant
associations were detected via DNA markers in the proxi-
mal part of the segment as, for example, D11S907 and
D11S903, with LOD scores of 0.84 and 1.32, respectively;
however, the markers D11S1314, D11S916 and D11S901,
with significant LOD scores of 1.36, 1.12 and 2.40 respect-
ively, were located in the distal part of the segment. If to
sum up, the findings of the present study, albeit not yielding
clear-cut confirmation of a linkage of the OA dependent
phenotype to the 11q 12-13 chromosome, still do not allow
to reject this hypothesis either. Undoubtedly, the great
significance of OA as a common age dependent degenera-
tive disease calls for further investigation of this subject.
The additional topic that merits brief discussion is the
power to detect linkage and/or association between the
selected marker locus and the trait of interest. This is a
complex problem far beyond the scope of the present
paper. However, very briefly, we can note the following. The
most important factors determining the success of the
linkage analysis (and/or TDT) include the genetic effect of
the locus determining the inheritance of a complex trait, the
used DNA marker’s locus heterozygosity, the number of
available nuclear pedigrees, and/or the parents/offspring
trios8,42,43. Allison et al.31 have shown that the quantitative
trait’s TDT power of 0.8 can be achieved on less than 103
trios, even if the putative QTL is responsible for only a 0.15
proportion of the trait variance. In our study, the number of
trios varied from 69 to 91, depending on selected marker
allele frequency. The statistical–genetic analysis of the
adjusted OA phenotypes conducted in the present study
clearly showed potential involvement of the major gene
in their intergenerational transmission, with as much as
49–52% of the studied trait variance attributable to this
effect. Each of the selected DNA markers showed a high
heterozygosity (Fig. 1). Besides, the statistical algorithm of
the TDT used in the present study provided up to 30% more
power than did the above-mentioned Allison’s tests33.
The power of TDT was recently investigated in a simula-
tion study by Malkin et al.33, who used marker allele
frequencies, sample size and pedigree structure similar to
those in our study. Their simulation showed that for the
predefined type I error level 0.02, if the linkage disequilib-
rium is maximal and recombination fraction tends to zero,
the power of extreme offspring designed t-test is above 0.8
when H2 varies from 0.4 to 0.5. This means that if one of
our tested DNA markers was close to the putative OA locus,
the likelihood of determining the linkage between the two in
our sample would be sufficiently high. However, the results
of segregation analysis, of course, only suggest but do not
prove the existence of the major gene. It is therefore
possible, that more than a single gene is involved in the
determination of hand OA. In this case, the power of
analysis will greatly decrease and the linkage between the
selected chromosomal area and the phenotype may not be
detected.
It needs to be stressed, however, that being aware of the
relatively small sample size (N571), which is a common
drawback in many studies in this area44, we examined the
possible association by two different methods: TDT and
model-based linkage analysis. Ultimately, in regard to all
the aforementioned, the obtained results have provided
only moderate evidence in support of our working hypoth-
esis, and they should therefore be considered merely
suggestive.
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Appendix A
Definition of parameters in the general model of segre-
gation and model-based linkage analyses.
Parameters Explanation
P1 Population frequency of homozygotic
genotype (A1A1)
P2 Population frequency of heterozygotic
genotype (A1A2)
µgs Average genotypic value in all individuals
having genotype g and sex s; g=1, 2 and 3
corresponds to genotypes A1A1, A1A2 and
A2A2, respectively
ς2g Trait variance in individuals having the
same major gene genotype g; it estimates
the trait variation due to the effect of all
possible environmental factors and
potential minor genes
τg Transmission probability parameter. It
estimates the probability that a parent of
genotype g transmits allele A1 to the next
generation
ϕ Correlation between spouse genotypes
ρ, β and ε Partial correlations between the trait
residuals adjusted for a major gene effect,
in spouses, parents/offspring and siblings,
respectively
ags and bgs Genotype/sex specific linear and quadratic
coefficients of covariate dependence
θ Recombination fraction between the trait
and marker loci
qi Population frequency of marker i allele
δji Disequilibrium matrix elements
j Disequilibrium coefficient
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